Background-Recent studies have demonstrated the effectiveness of family-centered, pediatric weight management programs in reducing childhood obesity. Yet, programs to optimize the care of low-income children with obesity are needed. We sought to examine the comparative effectiveness of two, potentially scalable pediatric weight management programs delivered to low-income children in a clinical or community setting.
Introduction
The high prevalence of childhood obesity places a significant burden on morbidity, quality of life, health care utilization, and costs. While childhood overweight and obesity prevalence may have plateaued in some population subgroups, overall rates remain at historically high levels and racial/ethnic and socioeconomic disparities appear to be widening. (1) (2) (3) (4) (5) Many factors contribute to the intractability of obesity but promising approaches for reduction are emerging including multi-sector, collaborative interventions across settings where children spend their time.
In recent years, several innovative and effective approaches have emerged to prevent and treat childhood obesity in both clinical and community settings. For example, in 2011, the Massachusetts Department of Public Health (MDPH) along with academic and community partners launched the MA Childhood Obesity Research Demonstration (MA CORD) project, a multifaceted initiative to prevent childhood obesity among low-income children (6) (7) (8) . Through clinical, community, and environmental approaches, MA CORD favorably shifted the mean body mass index (BMI) curve among 2-12 year old children in a large community in MA (9) (10) (11) . In addition to MA CORD, there have been other innovations in childhood obesity prevention and management. Members of our research team have successfully implemented Healthy Weight Clinics (HWC) in federally qualified community health centers (FQHC), shown to be effective in improving BMI and obesity-related health care quality using enhanced electronic health records (EHR), clinical decision supports, community health workers, text messages, and self-guided behavior change support (9, 12, 13) . Members of our team have also developed effective family-centered, pediatric weight management programs such as the Healthy Weight and Your Child program (HWYC) based on the Mind Exercise Nutrition… Do It (MEND) program, which is being delivered in 19 YMCAs across the US currently and will be expanded to 36 YMCAs by the end of the year. (14, 15) An important next step for optimizing childhood obesity prevention and care is to develop strategies to improve the care of low-income children with overweight or obesity and in whom far greater energy deficits will be necessary to achieve improvements in BMI than those achieved by community and environmental approaches alone.
To accomplish this goal, we designed the Clinic and Community Approaches to Healthy Weight study to examine the comparative effectiveness of two pediatric weight management programs -(1) Healthy Weight Clinics based in federally qualified community health centers, and (2) the YMCA's Healthy Weight and Your Child program-in improving body mass index outcomes among children. We hypothesize that both programs will result in clinically significant improvements in overweight and obesity outcomes and could offer two approaches for pediatric weight management for low-income children covered by the Children's Health Insurance Program (CHIP) or Medicaid. In this article we describe the rationale, design, and evaluation approach of the trial (Figure 1 ).
Materials and Methods: Intervention Development

Overview of study design (Figure 2)
This study is a randomized trial being conducted in two FQHCs and two regional YMCAs serving the same communities in in Massachusetts. The trial was designed and is being implemented in consultation with a diverse advisory board of 20 clinical, public health, community partners, Medicaid officials, and parent stakeholders. Children ages 6-12 years old with a BMI ≥ 85th percentile are enrolled at the time of their primary care visits to each of the two participating FQHCs and randomly assigned to one of 2 arms: 1) pediatric weight management in a Healthy Weight Clinic within the FQHCs or 2) pediatric weight management at a local YMCA delivering the Healthy Weight and Your Child Program. The primary intention-to-treat analysis will examine the comparative effects of pediatric weight management delivered in Healthy Weight Clinics compared to the YMCA's Healthy Weight and Your Child program on reduced age-associated BMI gain over a 6-month and 1-year period and percent change of the 95th percentile (%BMIp 95 ). Additionally, we aim to improve specific dietary, physical activity, sleep, and sedentary behaviors and we will compare intervention costs. All study activities were approved by the Institutional Review Board at the Massachusetts Department of Public Health. The trial has also been recorded in the clinicaltrials.gov national registry of randomized trials.
The trial was designed and is being implemented in consultation with a diverse advisory board of 20 clinical, public health, community partners, Medicaid officials, and parent stakeholders. We have completed semi-structured interviews with the 26 stakeholders focusing on 1) feasibility of past obesity treatment strategies in health centers and communities 2) preferred settings for obesity treatment 3) gaps and successes in childhood weight management programs 4) what treatment packages would be appealing to payers and 5) obtaining their feedback on the proposed interventions.
Selection of Participating Communities
The intervention FQHCs were chosen because they met the following criteria:
1.
Provide pediatric care to a minimum of 1,500 children annually, ages 6-12 years of age;
2.
Reach a population with high eligibility for Medicaid and Children's Health Insurance Program (CHIP) and in a community where >50% of students are eligible for free or reduced meals in the National School Lunch Program;
3.
Use a fully-functional electronic health record for all pediatric care;
4.
Are members of and contribute electronic data to the Community Health Information Association (CHIA) Data Reporting and Visualization System (DRVS), a web-based, central data repository (16, 17) ;
5.
Have an existing co-located Healthy Weight Clinic; and
6.
Have a local YMCA implementing the Healthy Weight and Your Child Program in 2016.
Randomization and Blinding
We use a simple randomization by FQHC site, where each participant has a 50% chance to be in either intervention arm. The randomization is conducted a priori, and a set of numbered, opaque envelopes is prepared for each intervention FQHC and stored by the study coordinators. After consent has been obtained and the parent completes a baseline assessment, the coordinator reveals randomization assignment. This activity preserves blinding of the coordinators during the baseline assessment. Further assessments, at six months and 1-year, are conducted by study coordinators blinded to intervention assignment.
Eligibility and Recruitment
Eligibility criteria is assessed by both the referring primary care provider and study coordinators and includes: 1) child is age 6.0 through 12.9 years at enrollment, 2) child's BMI meets or exceeds the 85th percentile for age and sex, and 3) parent can speak English or Spanish. We exclude: 1) children who do not have at least one parent or legal guardian who is able to follow study procedures for 1-year, 2) families who plan to leave their FQHC within the study time frame, 3) families for whom the intervention is inappropriate as determined by the primary care clinician, e.g., due to emotional or cognitive difficulties, 4) children with chronic conditions who take medications that substantially interfere with growth or physical activity participation, and 5) children who have a sibling enrolled in the study.
Recruitment began in December 2016 and will continue for one year ( Figure 3 ). Children are referred to the study by their primary care provider by either an electronic referral or by an electronic fax during any health care visit where a height and weight is obtained. At the Fiechtner et al.
time of referral, parents are given a study fact sheet by their provider. After the referral is made, parents are mailed an introductory letter and fact sheet by the study team. A minimum of 5 days later a bilingual study coordinator contacts parents by phone. The coordinator explains that we are conducting a research study to examine various strategies to improve the care that is provided for children who require weight management. The coordinator obtains verbal informed consent from the parent and administers a 20-minute baseline survey. After the parent completes the survey, the coordinator opens a uniquely identified opaque envelope that reveals the child's randomization status. Families are provided with $25 for completing each of the baseline, 6 month and 12 month surveys, as well as up to three $25 attendance incentives.
Intervention arms
Children are randomized to one of two intervention arms: weight management at either a Healthy Weight Clinic in their FQHC or the Healthy Weight and Your Child program at their local YMCA. Table 1 outlines the components for each of the intervention arms. Each of the two intervention groups receive an intensive 6-month intervention, followed by a 6-month maintenance period that delivers ≥ 30 hours of contact time over the 1-year intervention period consistent with the current USPSTF guidelines to provide ≥ 26 hours of intervention (18) .
Common Intervention Components
Children in both arms are exposed to quality of care improvements in their FQHC which includes primary care provider weight management training and text messages to participating families for self-guided behavior change support. Parents are given the option to sign-up for the text message campaign at enrollment, described in detail elsewhere (19) . Parents receive messages 2-3 times a week with educational tips about weight-related behaviors and how to make healthy changes, as well as messages that support social and emotional wellness, and promote community resource utilization.
Healthy Weight Clinic (HWC)
The HWC provides a staged, comprehensive, multidisciplinary team intervention for treatment of children with a BMI ≥ 85th percentile. The team includes a pediatrician, community health worker and dietitian with access to behavioral/mental health providers as needed. The HWC team has been trained to deliver motivational interviewing and behavioral modification techniques to engage families in setting and following through on healthy eating and activity goals. Visits alternate between group visits with other children and families in the program and individual visits for the first six months and in the second six months the visits will be individual. To guide the content of each group HWC visit, we developed an interactive curriculum modeled after the Next Steps Practitioner's Guide for Themed Follow Up Visits, a resource developed by The American Academy of Pediatrics and National Institute for Children's Health Quality to assist providers in pediatric weight management. (20) Topics for group visits include: understanding health, healthy eating, healthy drinks, physical activity, bullying, sleep and screens, reading food labels and eating out of the home. Individual visits are aimed at the main areas of concern for the family. Goal setting and motivational interviewing techniques are used in the individual visits.
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During the first 6 months of the intervention the community health worker or dietitian makes biweekly phone calls to the family on weeks they do not have an in person visit. During the second 6 months, they provide once monthly calls. During the phone calls they 1) provide behavioral counseling using motivational interviewing techniques and 2) provide them with contacts of community resources that can aid the family in behavioral change or address social determinants of health.
YMCA Healthy Weight and Your Child (HWYC)
The YMCA of the USA has worked with the two local YMCAs to train staff to implement the nationally licensed and standardized HWYC program. Two YMCA group leaders, one with a background and experience in public health and the second with a history of working with children and families, provide support, education and activities during every session, including: a Family Huddle which incorporates goal setting and action planning, a parent discussion, and 60 minutes of physical activity for the children the last 30 minutes of which is for the whole family. The program is delivered over 12 months, which includes 16 weekly sessions, followed by 4 sessions delivered every other week and concluding with 5 monthly sessions, for a total of 25 in-person sessions. Sessions are 2 hours in length and include a group of about 8-15 children and their caregivers.
Quality Assurance and Observations in the Healthy Weight Clinics and YMCA's Healthy Weight and Your Child
To ensure the program is being conducted per protocol and that it is patient-centered we conduct quarterly observations by members of the research staff and patient advisors guided by an observation tool we created. The observations focus on ensuring the program works logistically (visit length, attendance), that the leaders are engaging and following the curriculum, and that the program is patient-centered and weight sensitive. During these quarterly visits, research staff also calibrate the scales and stadiometers.
Outcome Measures
The primary outcome is change in BMI in kg/m 2 and percent change of the 95th percentile (%BMIp 95 ). (21) Height, weight and BMI measurements are collected by staff in the Healthy Weight Clinics and the YMCAs at enrollment and throughout the program. Obesity behavioral outcomes and parenting around these behaviors including screen time, physical activity, sleep duration and diet are collected in surveys at baseline, 6 months and 1-year (Table 2) . We also collect cost data (including formal and informal health care sector costs and non-health care sector costs) and qualitative information from parents and stakeholders that are incorporated into the implementation of each program.
Statistical Analysis
We will examine baseline distributions of participant characteristics by intervention arm and by FQHC. Changes in BMI and percent change of the 95th percentile (%BMIp 95 ) will be compared between the intervention groups using an intention-to-treat analysis. Mixed, fixed and random effects longitudinal models will be used. Primary fixed effect predictors will include: Intervention Group and Site, Time (assessed at baseline, 6 months and 1 year), and the Intervention Group and Site X Time interaction. Fixed covariates include: child race/ ethnicity, parental income and parental education. Other covariates may be included based on bivariate analyses. Random terms will be included for participants' intercepts and slope of change, and permitted to be correlated. We will perform a noninferiority test of child BMI to rule out that the BMI change difference for the HYWC is not appreciably inferior to that of the standard Healthy Weight clinic intervention as we hypothesize both interventions will be equally effective. The noninferiority test will be a "two one-sided test" (TOST) or similar technique after specifying a minimal interaction effect considered to be nontrivial (see below). We will perform multiple imputation using chained equations to impute missing outcomes for the participants who do not have a BMI measure at the 1-year outcome.
Residuals from models will be checked for conformance to significance test assumptions of normality and homoscedasticity, and data transformations applied if necessary.
Sample Size/Power Analysis
We computed power for a noninferiority test, in which we stipulated a minimal value favoring the standard intervention as indicating "appreciable" inferiority of the new intervention. We plan to enroll 400 children into the study, with half assigned to each intervention group (Figure 3 ). Based on prior work, we expect over 90% to have follow-up BMI measures, but will use a conservative 80% for power calculations (n=160 per arm, 320 Total N), and will also compute power in the unlikely case that follow-up retention is as low as 70% (n=140 per arm, 280 total). We computed power for 2 different dependent variables: change in BMI and change in BMI z-scores, in both cases assuming a 5% Type I error rate.
For change in BMI, we considered a mean change difference of 1 kg/m 2 as the border of "appreciable" inferiority as this was the difference noted in the most effective trials evaluated by the USPSTF with ≥52 hours of contact (18) , and used a within arm change score standard deviation (SD) of 2 estimated from previous work (12) . Given these specifications, if we assume the actual mean BMI population difference is approximately 0.4, power was computed to be 85% for N=320 and 81% for N=280. Although our outcome will be change in BMI and percent change of the 95th percentile (%BMIp 95 ), clinically important weight loss associated with cardiometabolic benefits has been estimated to be a change in 0.2 BMI z-score units (18), so we estimate non-inferiority based on this estimate. Thus, we considered a mean change difference of 0.2 units of BMI z-scores as the border of "appreciable" inferiority, and used a within arm change score SD of 0.3 estimated from previous work (12) . Given these specifications, if we assume the actual population mean difference is approximately 0.1 BMI z-score units, power was computed to be 91% for N=320 and 87% for N=280.
Discussion
Overall, this study is poised to improve obesity-related care for low-income children by comparatively testing two evidence-based programs for childhood obesity management, one in a clinical setting and one in the community. It is also possible that the interaction between clinic and community providers will provide qualitative support for models of communityintegrated health (22) . We anticipate that the two models will provide a foundation for widely disseminated models of clinical and community based obesity treatment for low-income children covered by the Children's Health Insurance Program (CHIP) or Medicaid.
There are limitations of our study, one of which is generalizability. Both FQHCs have had weight management programs before and have two clinician champions dedicated to childhood obesity. They also serve a predominantly Hispanic and low-income population, perhaps making the results of our study less generalizable among other racial/ethnic or SES groups. Second, as with any survey and behavioral intervention, parents could exaggerate children's improvements in their healthful behaviors, however, BMI, an objective measure, will be our main outcome. Finally, the study timeline does not allow us to examine outcomes beyond one year to assess the maintenance of any intervention effects.
If successful, this project will provide two examples of successful weight management programs for children that could be disseminated and adopted elsewhere, with comparative effectiveness and cost-effectiveness analyses to help health care decision-makers and payers evaluate the benefits of the programs and consider reimbursement. 
Screen time
Duration of screen time Limiting screen-viewing time to < 2 hours/day Parent report of average daily hours spent watching TV or videos; playing video games; and using the computer on weekday and weekend days; associated with child BMI. (6) Parenting around screen time 
Physical Activity
Number of days per week the child is active
Increasing time active to > 1 hour per day.
Parent report of days active at least one hour or more in the last week. (6) Parenting around Physical Activity
•
Modeling Physical Activity
• Providing opportunities where they child can be active Parent models healthy physical activity and provides more opportunities for child to be active.
Parent agreement with being physically active. Parent agreement with whether child is taken to places they can be active. (25, 27) Diet and diet quality Parent report of binge eating or dietary restraint symptoms (31) (32) (33) (34) (35) 
